The superfluid mixture of interacting Bose and Fermi species is a remarkable many-body quantum system. Dilute degenerate atomic gases, especially for two species of distinct masses, are excellent candidates for exploring fundamental features of superfluid mixture. However, producing a mass-imbalance Bose-Fermi superfluid mixture, providing an unambiguous visual proof of two-species superfluidity and probing inter-species interaction effects remain challenging. Here, we report the realization of a two-species superfluid of lithium-6 and potassium-41. By rotating the dilute gases, we observe the simultaneous existence of vortex lattices in both species, and thus present a definitive visual evidence for the simultaneous superfluidity of the two species.
I. Introduction
Superfluidity is one of the most intriguing macroscopic quantum phenomena manifesting itself in various fascinating effects, such as dissipationless flow via obstacles [1, 2] , quantized vortices [3] , and metastable persistent currents [4] . Quantized vortices, topological defects of quantized angular momentum [5] , are a direct consequence of macroscopic superfluid wavefunction. In a superfluid, these vortices crystallize an Abrikosov lattice pattern [6] that minimizes vortex-vortex interaction.
After the celebrated experimental realization of Bose-Einstein condensate [7, 8] (BEC), a series of studies were immediately devoted to creating vortices in BECs [9] [10] [11] . Several theoretical works emphasize that vortex lattices, directly visualizable in experiment, can serve as a conclusive evidence of superfluidity [12, 13] . For a dilute fermionic 6 Li gas, such a definite visual evidence of superfluidity has been presented by the observation of vortex lattices [14] . Tremendous theoretical and experimental efforts have been devoted to understanding the behaviors of quantized vortices in BEC and quantum degenerate Fermi gases [14] [15] [16] [17] [18] [19] . These studies have yielded a wealth of information and insights into diverse superfluid phenomena.
A superfluid mixture, where both components are superfluid, is a longstanding research topic in quantum physics. A mixture of bosonic 4 He and fermionic 3 He superfluid is predicted to exhibit either s-wave or topological p-wave Cooper pairs in the 3 He component [20] . However, superfluid transition in the 3 He component has not been detected even when the helium mixtures have been cooled down to about 100 μK [21] . In cold atom physics, it is now possible to experimentally produce mixtures of degenerate bosonic and fermionic dilute gases [22] [23] [24] . Very recently, a significant progress [25] was made in a mixture of two lithium isotopes- 6 Li and 7 Li, where the evidence of double superfluidity was provided by the occurrence of 7 Li BEC and the density-profile difference of the two imbalanced 6 Li spins. Further experimental studies on collective oscillations [25] and counterflowing dynamics [26] are consistent with theoretical predictions [27, 28] .
However, the demonstration of two-species vortices, which not only provides a conclusive evidence of double superfluidity, but also gives more insights into fundamental properties of double superfluid, is still unavailable. It is thus an important and demanding task to observe the simultaneous existence of vortex lattices in the two superfluids, and further to study their rich behaviors arising from vortex-vortex interactions.
Moreover, in contrast to a double superfluid of the two isotopes, a double superfluid of two distinct species, if experimentally realized, may exhibit more pronounced interaction effects due to large mass-imbalance [29, 30] . These Bose-Fermi interactions, without which a double superfluid is just of two independent superfluids, play an essential role in the emergence of many fascinating quantum phenomena [31] , including Bose-Fermi dark-bright solitons [32] , and polaronic atom-trimer continuity [33] etc. The two-species superfluid of dilute atomic gases can also provide a powerful tool for simulating real materials and beyond-e.g., dense quantum chromodynamics matter [34] . However, due to the mass imbalance, producing a two-species Bose-Fermi superfluid remains challenging.
Here we report on the generation of a two-species superfluid of fermionic 6 Li and bosonic 41 K atoms in an optical dipole trap, which have a mass ratio of about seven. Moreover, we overcome several technical challenges and produce a double-vortex matter in which both superfluid components simultaneously exhibit vortex lattices. Finally, a series of precise measurements on the formation and decay of the two-species vortices reveal pronounced effects of the inter-species interaction. We also stress that the vortex-vortex and the inter-species interactions may induce many unconventional behaviors in such a vortex matter of interacting species, remaining to be explored both theoretically and experimentally.
Producing a two-species superfluid of 6 Li and 41 K atoms (2S Li-K ) and simultaneously creating vortex lattices in both species represent various significant technical challenges. Firstly, due to the unresolved D2 excited hyperfine structure of both 6 Li and 41 K atoms, the conventional sub-Doppler cooling techniques become ineffective [35, 36] . We adopt an advanced laser-cooling scheme, where a sub-Doppler cooling in gray molasses is implemented for 41 K while a near-detuned Doppler cooling is applied for 6 Li. In addition, a two-stage evaporative cooling strategy is employed where 6 Li is first sympathetically cooled by 41 K in the optically-plugged magnetic trap and then 41 K is sympathetically cooled by 6 Li in the optical dipole trap. Such an evaporation cooling procedure is essential to generate a 2S Li-K with both large atom numbers and tunable atomic ratio. Secondly, the large mass-imbalance can induce inhomogeneous spatial overlap or even separation of the two superfluids due to the gravitational sag [37] . We utilize a disk-like optical dipole trap to confine the cloud, where two elliptical laser beams with an aspect ratio of 4:1 are crossed perpendicularly (See 
II. Two-species Bose-Fermi superfluid
Our first goal is to produce a two-species Bose-Fermi superfluid. After the laser cooling phase, the cold gas mixture is magnetically transported to a dodecagonal glass-cell of good optical access and ultra-high vacuum environment (see Fig. 1a ). The first-stage evaporative cooling is applied to 41 K in an optically-plugged magnetic trap by driving
Li is cooled sympathetically. By optimizing the radio-frequency (RF), we achieve a near-degenerate mixture of 5×10 7 6 Li and 1×10 7 41 K atoms. Then, the mixture is transferred into a cigar-shaped dipole trap (wavelength 1064 nm, 1/e 2 radius 35 μm and maximum laser power 10 W), followed by two Landau-Zener sweeps which immediately prepare both species at their lowest hyperfine states, labeled Li 1 and K 1 . Next, a half-to-half spin mixture of the two lowest hyperfine states of 6 Li is prepared by using successive RF sweeps at a magnetic field of 870 G [38] .
At this field, the background scattering length of 41 K is 60.5a 0 (a 0 is the Bohr radius) and that of 6 Li-41 K is 60.7a 0 [39, 40] . The spin mixture of 6 Li is located at the Bardeen-Cooper-Schrieffer Hz (85 Hz), which is strong enough to attain a complete overlap of two superfluids (see Fig. 1b ).
The horizontal confinement is provided by the combination of magnetic curvature and optical dipole trap, resulting in a radial trap frequency of 40 Hz (20 Hz) for 6 Li ( 41 K). The spatial overlap is checked by imaging along the x' axis (Fig. 1a) . Further, a specially designed imaging setup along the z axis is employed to simultaneously probe the two species (Fig. 1a ). An imaging resolution of 2.2 μm (2.5 μm) at 671 nm (767 nm) is gained by a high numerical aperture objective, which is very important for observing vortices.
A two-species Bose-Fermi superfluid is finally achieved at 870 G with more than 1.8×10 5 41 K atoms in a BEC (condensate fraction ≥90%) and 1.5×10 6 6 Li atoms at 7% Fermi temperature [25] . Li. Figure 2 shows a series of in-situ images, in which the magnetic field is varied and thus the ultracold spin mixture of 6 Li experiences a crossover from a molecular BEC [42] to a BCS superfluid [43] . It can be seen that the radius of the absent. In addition, we observe that as beam separation is increased, the optimal rotating frequency corresponding to a maximal number of 6 Li vortices has a spectacular downshift (from 28 Hz to 22
Hz) in the two-species superfluid while it remains unchanged in the single-species superfluid.
These behaviors strongly show that the 
V. Conclusion
We have employed a combination of state-of-the-art techniques, including advanced laser-cooling scheme and specially designed disk-like optical trap etc., and produced a two-species Bose-Fermi superfluid. Our work represents an important progress in experimentally realizing a superfluid mixture of two distinct species, a long-standing goal in cold-atom physics. According to our knowledge, the obtained superfluid mixture is also the largest one, containing more than 1.8×10 5 41 K atoms and 1.5×10 6 6 Li atoms. Vortex lattices-quantized topological excitations of superfluid-are successfully generated and directly visualized in both the single-and the two-species superfluids. The large mass-imbalance of 41 K and 6 Li may lead to pronounced effects of inter-species interaction, which are clearly revealed in the formation and decay of two-species vortices and request deep theoretical understandings. With a wide range of tunable parameters like population ratio of two species, magnetic field controlling the BEC-BCS crossover and stirring parameters, many static and dynamic properties of such Bose-Fermi superfluid mixtures can be explored, particularly those due to inter-species coupling, vortex-vortex interaction, and their interplay.
